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longer restricted to those genes without any known pseudogenes. So far, we have analyzed 10 different housekeeping genes belonging to different functional and abundance classes in various tissues and cells. We clearly observed that no gene is really constantly expressed and multiple housekeeping genes are required for an accurate normalization (Vandesompele et al., submitted for publication).
One-step RT-PCR reactions are often preferred over two-step reactions, because of a presumed minimization of experimental variation, as all enzymatic steps occur in the same tube under controlled thermocycler conditions. To address the issue of reproducibility, we determined the interassay variation of our established two-step RT-PCR protocol. We have therefore subjected nine different RNA samples to two parallel rounds of DNase treatment and cDNA synthesis and quantified the relative expression levels of each of four housekeeping genes (HMBS, UBC, ACTB, and HPRT1) in all samples using the comparative C t method. The two-step protocol is highly reproducible with Pearson correlation coefficients ranging from 0.974 to 0.988 between the expression levels of the two parallel series of cDNA samples for the four tested genes, of which one is shown in Fig. 3 . The interassay variation was calculated as the median coefficient of variation (standard deviation divided by the arithmetic mean) for the paired relative quantities obtained in the two parallel series for the four genes and amount to 7.7%. This figure is only slightly higher than the observed median intraassay variation of 5.8% (reflecting the variation between duplicated reactions in the same PCR run; based on 25 different genes tested on 30 samples, data not shown) and demonstrates the reproducibility of the two-step approach.
To summarize, SYBR green I is the detection format of choice for accurate and reproducible real-time transcript abundance measurements of a large series of genes. Obscuring PD observed in one-step RT-PCR reactions were eliminated by the use of a two-step and DNase treatment of RNA prior to cDNA synthesis was shown to be a prerequisite for accurate RT-PCR and facilitated primer design.
tree Maackia amurensis-M. amurensis leukoagglutinin (MAL) and M. amurensis hemagglutinin (MAH) (1)-have been extensively used to detect ␣2-6-and ␣2-3-linked sialic acids, respectively (2-5). Studies on MAL have shown that the carboxyl group of sialic acid is primarily involved in interactions with this lectin (3, 4, 6) . However, not all structural requirements for sialic acid recognition by either SNA or MAH are known (7) . Sialic acids are 9-carbon acidic sugars that can have a variety of modifications. One of the major types is N-acetylneuraminic acid (Neu5Ac), which is the precursor of most others (8 -11) . One common variation is N-glycolylneuraminic acid (Neu5Gc), which is found in all mammals except humans (12) (13) (14) (15) (16) (17) . Various plant and animal lectins have been shown to prefer Neu5Ac and bind with lower affinity or not at all to Neu5Gc (11, 18 -23) . In contrast, other lectins prefer Neu5Gc (11, 20 -22, 24 -29) . Furthermore, for some lectins, the glycerol-like side chain of sialic acid is essential for recognition and 9-O-acetylation of this side chain can block the interaction (11, 18 -20, 22, 26, 30, 31) . In other instances, 9-O-acetylation is required for recognition (11, (32) (33) (34) (35) (36) (37) . Here we have evaluated the importance of the N-acyl-and 9-O-acetyl groups of sialic acid for recognition by SNA and MAH.
Materials and Methods
Materials and cells. Unless otherwise stated the materials used were from Sigma Chemical Co. or Fisher Scientific. Products for cell culture were from Life Technologies. EBV-transformed lymphoblastoid cells derived from humans (provided by Dr. Peter Parham, Stanford University) were cultured in AIM-V with L-glutamine and 1% FCS (low serum was used to minimize incorporation of exogenous Neu5Gc into human cells) (15) . EBV-transformed lymphoblastoid cells derived from orangutans (also from Dr. Parham) were cultured in RPMI 1640 with 10% FCS and L-glutamine. Recombinant soluble forms of human siglec-2 (CD22) fused with the Fc part of mouse IgG (hSiglec-2-Fc), of mouse siglec-1 (sialoadhesin) fused with the Fc part of human IgG (mSiglec-1-Fc), and of influenza C virus hemagglutinin-esterase fused with the Fc part of human IgG (CHE-Fc) were produced and purified as described previously (23, 38 -41) . For some experiments, CHE-Fc was used as a 9-O-acetyl sialic acid-specific esterase. For others, it was treated with DFP to inactivate the esterase activity-giving CHE-FcD, a probe that specifically binds to 9-O-acetylated sialic acids (33, 41) .
SNA and MAH preference for Neu5Ac or Neu5Gc. Human EBV-transformed lymphoblastoid cells contain Ͼ95% Neu5Ac and Ͻ5% Neu5Gc, whereas orangutan EBV-transformed lymphoblastoid cells contain ϳ15% Neu5Ac and ϳ85% Neu5Gc (23) . Humans and orangutans share ϳ97% genetic identity, and comparisons of their blood plasma show a high degree of conservation of protein expression and glycosylation (42) . Thus, this pair of cells can be used to compare preferences of lectins to bind to either Neu5Ac or Neu5Gc (23) .
Biotinylated MAH ("MAL-II") was obtained from Vector Laboratories (the name "MAL-II" was created by Vector Laboratories; Dr. Jim Whitehead, personal communication). Cultured cells (0.3-1 ϫ 10 6 ) were washed and then incubated for 1 h at 4°C with 100 l of either biotinylated SNA (Vector) or biotinylated MAH. The lectins (5 or 10 g/ml) were preincubated at 4°C for 30 min with PE-conjugated streptavidin (Jackson) (1:100). Binding was analyzed using flow cytometry (using a Becton-Dickinson FACScan machine). Cells were treated with mild NaIO 4 (2 mM in PBS for 30 min on ice) to specifically truncate the glycerol side chains of sialic acids (43) (44) (45) (46) . Sialidase treatment of cells was carried out at room temperature for 30 min, using 10 mU Arthrobacter ureafaciens sialidase/10 6 cells in 20 mM Hepes, pH 7.
Binding of SNA to 9-O-acetylated sialic acids. Bovine submaxillary mucin (BSM) was de-O-acetylated with 0.1 M NaOH for 30 min at room temperature (47) . This mixture was subsequently neutralized with HCl. For a control sample, an already neutralized mixture of NaOH/HCl was added to the same amount of BSM. Both untreated and base-treated BSM were coated on microtiter wells (200 ng/well; plates from Nunc) in 50 mM carbonate/bicarbonate buffer, pH 9.5, for 15 h at 4°C. BSM on the plate was also treated with 2 mM NaIO 4 in PBS for 20 min at 4°C in the dark. Subsequently, the aldehydes formed by the NaIO 4 treatment were reduced with 10 mM NaBH 4 in PBS for 20 min at 4°C in the dark. Control wells received premixed aliquots of the same amounts of NaIO 4 and NaBH 4 , which were added for 20 min at 4°C. All wells were then washed and blocked with ELISA buffer (TBS, 0.1% Tween, pH 7.45) for 1 h and incubated with biotinylated SNA (500 ng/well) for 2 h, followed by washing and incubation with alkaline phosphatase-conjugated streptavidin (Life Technologies) (1:1000) for 1 h. Development was done with 150 l/well of the p-Nitrophenyl Phosphate Liquid Substrate System. Between incubations (all at room temperature) wells were washed 3ϫ with ELISA buffer. Absorbance was determined at 405 hemagglutinin; BSM, bovine submaxillary mucin; Neu5Ac, N-acetylneuraminic acid; Neu5Gc, N-glycolylneuraminic acid; 6ЈSLL, Neu5Ac␣2-6Gal␤1-4Glc polyacrylamide; RBC, red blood cells; siglec, sialic-acid binding immunoglobulin-like lectin; EBV, EpsteinBarr virus; FCS, fetal calf serum; IgG, immunoglobulin G; DFP, diisopropyl fluorophosphate; PE, phycoerythrin; PBS, phosphatebuffered saline; ELISA, enzyme-linked immunosorbent assay; TBS, Tris-buffered saline.
nm. As controls, binding was analyzed for CHE-FcD (specifically binds to 9-O-acetylated sialic acids) and for hSiglec-2-Fc (binding is blocked by 9-O-acetylation of sialic acids) (11, 19, 20, 22, 41) . For the last two probes the incubation was followed by incubation with alkaline phosphatase-conjugated anti-human/mouse IgG (Bio-Rad) (1:500).
Binding of MAH to 9-O-acetylated sialic acid. Mouse red blood cells (RBCs), which are rich in 9-Oacetylated sialic acids (48) , were treated with the CHE-Fc esterase (10 g/10 6 RBCs) for 1 h at 37°C to remove 9-O-acetyl groups from sialic acid. Binding of MAH to these mouse RBCs (and sham-treated controls) was analyzed as described above for lymphoblastoid cells. As controls, binding was analyzed for CHE-FcD and for mSiglec-1-Fc (binding is blocked by 9-O-acetylation of sialic acids) (11, 20, 22, 31) . The latter two probes were precomplexed with goat antihuman IgG-FITC (Caltag) (1:25).
Results and Discussion
EBV-transformed lymphoblastoid cells derived from humans and orangutans were used to analyze the preference of SNA and MAH for either Neu5Ac or Neu5Gc. As shown in Fig. 1 , SNA binds equally well to the human cells (containing primarily Neu5Ac) and to the orangutan cells (containing primarily Neu5Gc). SNA could also bind to porcine submaxillary mucin (containing primarily Neu5Gc) and to ovine submaxillary mucin (containing primarily Neu5Ac) in an ELISA setup similar to the one described for BSM under Materials and Methods (data not shown). These data indicate that SNA can bind to both Neu5Ac and Neu5Gc. As expected for SNA (2) , truncation of the side chain of sialic acid by mild periodate treatment of the cells abolished binding of this lectin (Fig. 1) .
Similar to SNA, MAH binds both human and orangutan cells, indicating that it can bind ligands containing either Neu5Ac and Neu5Gc (Fig. 1) . This confirms an earlier study reporting that porcine submaxillary mucin inhibits MAH hemagglutination of human erythrocytes (1) . MAH binds the human cells better than the orangutan cells, suggesting that the lectin may prefer Neu5Ac-containing ligands. However, slight variations between the two cell lines in the ligand density, presentation, or structure may contribute to this observed difference. Periodate treatment of the cells did not reduce MAH binding appreciably, but binding was abrogated upon sialidase treatment. This demonstrates that MAH binding is reliant upon sialic acid, but does not depend upon its side chain.
SNA binds equally well to untreated and basetreated BSM (Fig. 2) , showing that SNA can bind to sialic acids with or without 9-O-acetyl groups. In this assay CHE-FcD (binds specifically to 9-O-acetylated sialic acid) and hSiglec-2-Fc (binding is blocked by 9-O-acetylation of sialic acids) were used as controls. Most sialic acids in BSM are 9-O-acetylated, rendering them resistant to mild periodate treatment. As shown in Fig. 2 , mild periodate treatment of BSM abrogates the binding of SNA only when 9-O-acetyl groups are first removed by base treatment. This finding was surprising for SNA, because it needs an intact glycerol side chain for recognition (2) , which for many lectins correlates with the inability to bind to 9-O-acetylated sialic acid (11) . Our data are in keeping with the findings of Roth and colleagues, showing that human colonic tissue sections were stained equally well with SNA, whether or not the tissue sections were pretreated with base (49) .
Mouse RBCs containing 9-O-acetylated sialic acids are reactive with CHE-FcD (Fig. 3) . This binding is markedly reduced when the RBCs are pretreated with the CHE-Fc esterase, which removes the 9-O-acetyl groups from sialic acids (41) . In contrast, Fig. 3 shows that binding of MAH to mouse RBCs is unaffected by the same esterase treatment. Thus, MAH can bind to sialic acids with or without 9-O-acetyl groups. mSiglec-1-Fc (binding is blocked by 9-O-acetylation of sialic acids) binding to mouse RBCs was observed only after removal of 9-O-acetyl groups by CHE-Fc. There are of course many other less common modifications of sialic acid in nature, which we have not studied (8 -11) , that may affect binding by SNA and MAH. Also, we have not addressed the issue of extended binding specificities beyond the sialic acid molecule itself (4, 6) . For example, the amino-terminal octapeptide from human glycophorin A carrying three disialylated tetrasaccharide chains was reported to have a very strong affinity for MAH (5) .
The seeds of the legume tree M. amurensis are known to contain two lectins: MAL and MAH (1) . For this study we obtained "MAL-II" from Vector and assumed it to be MAH, based on the fact that their "MAL-I" has already been shown to be identical to MAL (6) and on the general properties for "MAL-II" reported by Vector Laboratories. Such confusion in nomenclature may arise from the differing molecular weights of these lectins from different sources. This could be explained by varying carboxyl-terminal processing (Dr. Richard D. Cummings, University of Oklahoma, personal communication) or possibly by different strains of the M. amurensis tree. It should also be noted that the name M. amurensis agglutinin (MAA) is used by some commercial sources. Depending on the isolation procedure used, such MAA can be either a mixture of both MAL and MAH or similar to MAL (1, 3, 5, 50) .
It should also be kept in mind that the specificities of SNA, MAL, or MAH can vary somewhat with the experimental conditions used. For example, although clear specificity of SNA has been shown for ␣2-6-linked sialic acids and their side chains in various studies (2, 7, 11) including the present one, one report mentions that SNA can also recognize 6-O-sulfation of galactose linked ␤1-4 to GlcNAc when using affinity chromatography (51) . Also, while strict specificity of MAL for Sia␣2-3Gal␤1-4GlcNAc has been shown using affinity chromatography (3, 4) , this lectin shows significant binding to unsubstituted Gal␤1-4GlcNAc, when used as a probe in flow cytometry, immunohistochemistry, or ELISA (Drs. Xiaomai Bai, Hiromu Takematsu, and Nissi M. Varki, UCSD; and Dr. Jim White- head, Vector Laboratories; personal communications). In the present study, clear dependence on sialic acid was shown for SNA by mild periodate oxidation of the side chain and for MAH by sialidase treatment, indicating that these lectins are useful to distinguish between ␣2-6-and ␣2-3-linked cell surface sialic acids.
A comparison of some sialic acid-recognizing plant and animal lectins concerning their structural requirements for sialic acid recognition is shown in Table 1 .
